This article describes the production of a cDNA expression library from human fetal brain, the construction of a high-density protein array from such a library and two applications to screen the array for binding proteins. After producing the library and decollating the expression clones, one can pick thousands of expression clones with a laboratory robot and can deposit them into microtitre plates in an ordered manner. Such ordered clone libraries are the starting material for the construction of a high-density protein array. This array is constructed by spotting the expression clones onto a protein-binding membrane. On cell growth and induction of protein expression on the membrane, the cell spots are lysed and their recombinant protein immobilizes on the membrane. The so-constructed array carries thousands of proteins without the need to clone, express, and spot individual proteins. Such arrays allow one to screen for numerous protein functions in a high-throughput manner.
Introduction
Arrays of complementary deoxyribonucleic acid (cDNA) expression libraries carry thousands of proteins without the need to clone, express, and spot individual proteins (1). These arrays are practical formats to screen en masse for a given protein function, that is, to identify protein antigens (1,2), including autoantigens (3), binding proteins (4), and substrates for arginine methyltransferases (5).
Although not yet demonstrated, the arrays may also permit studies on posttranslational modifications other than protein methylation, that is, to find substrates for certain protein kinases.
The protein arrays described here are made using cDNA libraries that are constructed in expression vectors. With the help of a laboratory robot, one can pick thousands of library clones and deposit them into microtitre plates in an ordered manner.
Such ordered clone libraries are the starting material for the construction of highdensity deoxyribonucleic acid (DNA) or protein arrays that require additional robotics (1,6,7). The arrays are constructed by spotting thousands of bacterial clones onto protein-binding filter membranes. On cell growth and induction of protein expression on the filter, the cells are lysed, and their proteins immobilize on the filter. The so-constructed protein array offers a notable advantage over the widely used filter-immobilized cDNA expression libraries that are based on the bacteriophage λgt11 (8,9). The advantage is immediate addressability, namely, the direct link between a given protein spot on the array and the corresponding clone in a well of a microtitre plate that can serve as a resource for unlimited future use. In addition, the protein arrays possibly contain more recombinant protein per spot area because many methyltransferase substrates remain undetected if an immobilized phage expression library is used instead of the protein array (5).
Protein arrays from a cDNA expression library are available at the German Resource Centre (10). The corresponding cDNA expression library was constructed from human fetal brain and was preselected as described below for clones that express recombinant proteins. 
Materials

Methods
Cloning of a cDNA Expression Library
A detailed description of cDNA library construction is beyond the scope of this chapter. Therefore, the authors provide only a short summary. Construction of a cDNA expression library requires extra consideration in comparison to standard libraries. Prime cDNA synthesis with deoxythymidine oligonucleotides for directional cloning and for production of recombinant proteins with their complete N-terminus. An average cDNA insert size of 1.4-1.8 kbp is recommended. This leads to an appropriate ratio of full-length and truncated clones and maximizes the chances that the protein or protein domain of interest is expressed in the library. 
. EXPRESSION VECTOR AND SCREENING FOR EXPRESSION CLONES
A wide range of bacterial expression vectors is currently available. Choose a vector for expression of fusion proteins with a short N-terminal affinity tag to allow selection of expression clones after the library has been constructed (11). The hexahistidine tag is particularly well suited for this purpose because fusion proteins can easily be detected with antibodies. The authors used a derivative of the pQE-30 vector (Qiagen), namely pQE30NST (see Fig. 2 ) to express his-tagged proteins in E. coli and used antibodies against RGS(H 6 ) to detect them. 
E. coli STRAIN
The E. coli strain for the library has to be suitable for cloning, plasmid propagation, and protein expression. The authors recommend a robust K-21 strain with high transformation efficiency and the endA genotype for plasmid stability, for example, SCS1 (Stratagene).
Lac REPRESSOR
If an IPTG-inducible vector with a promoter regulated by lac operators is used, consider that sufficient amounts of the repressor protein (12) have to be expressed in the host cells. A mutated form of the lac repressor gene, lacI Q , enhances expression of the repressor protein and is included in many expression vectors. Alternatively, an E. coli strain carrying the lacI Q gene, for example, DH5αZ1 (13), can be used. Further, a helper plasmid that carries the lacI Q gene, and that is compatible with the expression vector, can be introduced into the preferred E. coli strain before the cells are transformed with ligated cDNA.
RARE CODONS
Many eukaryotic genes contain codons that are rare in E. coli. This can strongly reduce the expression of the corresponding eukaryotic proteins in E. coli. To weaken the problem, transfer RNA genes that are rare in E. coli should be introduced. The "Rosetta" and "CodonPlus" E. coli strains with plasmids that carry such genes are available from Stratagene or Novagen. The plasmids can be isolated and introduced into the preferred E. coli strain. Here is an example for a SalI adapter: 5'-TCG ACC CAC GCG TCC G-3' 3'-GG GTG CGC AGG C-p-5'. 4. Ligate the adapter to the cDNA, digest with NotI to produce cDNA with SalI and NotI overhangs that can be ligated into the expression vector. Before the ligation, fractionate the cDNA on a sizing column, and, preferably, ligate the largest cDNA fragments. 5. Transform E. coli with the ligated cDNA by electroporation (see Subheading 3.1.1. for E. coli strains and additional considerations).
Construction of Expression Clone Arrays
The picking and arraying of expression libraries follows protocols that are well established for general DNA libraries (7). The picking of thousands of colonies into microtitre plates and spotting of the clones as arrays requires robotic equipment. Picking and spotting robots are available from Kbiosystems, Genetix, and other manufacturers. The German Resource Centre offers clone-picking and arraying services (10).
Colony Picking
The clones of the expression library are stored individually in the wells of microtitre plates. Take care to label the plates properly before use, for example, with barcodes. Prelabeled microplates can be purchased. Alternatively, print identifiers onto cryolabels and attach them to the plates. Store plates at -80°C (see Note 2).
High-Density Spotting of Expression Clones onto Filter Membranes
1. Optional: Prepare serial dilutions of rabbit or mouse serum in TBS with a maximum of about 70 mg protein per milliliter, and spot each dilution alongside the clones. The serum spot will show up as guide dots and as a control (see Fig. 3 ), if the filter is decorated with secondary antibodies according to Subheading 3.3. Alternatively, use black ink to spot guide dots. Later on, such dots may be extremely helpful for image analysis. 2. Thaw the plates (stored at -80°C) and prepare the PVDF filter membrane for spotting.
Note that such filters are rather hydrophobic and have to be wetted properly before use. Wet the filter in ethanol for at least 5 min, then wash twice in dH 2 O and, finally, in 2X YT broth. Place the filter on blotting paper soaked with 2X YT broth and remove air bubbles and excess liquid by rolling with a long glass pipet. The filter is now ready for spotting. Let the robot spot each clone in duplicate as described previously (7). See Fig. 4 for recommended spotting patterns. 3. Place filter on a square 2X YT agar plate supplemented with antibiotics and glucose. Let colonies grow on the filter overnight at 30°C to a size of approx 1 mm diameter. Transfer Fig. 3 . Detection of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) on an array with proteins from the hEx1 library. The array was screened with a rabbit antibody against human GAPDH as described in Subheading 3.3. Eleven GAPDH cDNA clones were detected. The right part shows an array of the size of a standard 384-well microtitre plate. The 222 × 222 mm 2 filter format accommodates six such arrays. The array contains duplicates of proteins from 6528 clones that were spotted by the German Resource Centre in the "6 × 6 pattern" (Fig. 4) . The left part shows the signals from a serial dilution of rabbit serum that was spotted to obtain guide dots (Subheading 3.2.2.) and to check if the intensity of strong GAPDH signals was limited by the secondary antibody. A spotting pattern was developed to clearly assign later on a given signal on the array to the microplate and well number of the corresponding clone. Each clone is spotted twice onto the membrane in this pattern, namely, as a doublet at a certain location as described next. The robot uses a 384-pin gadget. The filter accommodates six fields of the size of the microtitre plate. The robot starts to spot bacteria from the first 384-well microplate into field 1 on two positions that are denoted with the number 1 within the 5 × 5 blocks (or, alternatively, within the 6 × 6 blocks). The next microplate is spotted into field 2 on exactly the same positions, and so on until plate 6. The seventh plate is spotted into field 1 on the position 2 within the blocks, and so forth. Each array contains 48 × 48 blocks. The 5 × 5 pattern consumes 12 × 6 microtitre plates (384-well) and spots 27,648 clones in duplicate. Position G denotes guide dots spotted with black ink. A0 and P24 denote microplate well positions. The left side on the top of the filter can be labeled with a unique number and the date of production. the filters onto IPTG agar plates (prewarmed) to induce protein expression for 3 h at 37°C.
Release of Cellular Proteins on the Membrane
The standard protocol uses alkaline conditions to release cellular proteins on the filter. If denaturation of cellular proteins during the lysis step must be prevented, the protocol in Subheading 3.2.4. may be used.
Place a sheet of blotting paper in the lid of an agar plate dish and add denaturing solution. Pour off excess liquid and transfer the filter to the blotting paper with forceps. Incubate 10 min (see Note 3). Place the filter twice for 5 min on blotting paper soaked with neutralizing solution and finally on 2X SSC for 15 min. Place the filter on a dry blotting paper and allow to air-dry. Dry filters can be stored for several months at room temperature between sheets of blotting paper.
Nondenaturing Release of Cellular Proteins on the Membrane
Place the filter at 4°C on blotting paper soaked with lysis buffer; incubate for 1 h. Wash the filter in 1 L of TBS in a plastic box on a rocker. Do not let the filters dry out. The filters will deteriorate quickly; therefore, store them at 4°C, and use them not later than the next day.
Screening of the Array for Protein Antigens
This protocol uses AP-conjugated antibodies and the phosphatase substrate attophos for the detection of primary antibodies (see Fig. 3 ). Alternative detection systems may be used as well. Use forceps to handle the filters. Washing steps are performed by shaking the filters in a plastic box on a rocker submerged in a large volume, approx 0.5 L, of the respective buffer. 
Screening of the Array for Protein-Protein Interaction
A recombinant protein covalently labeled with 32 P at a particular site is used here to probe the array for binding proteins. Such labeling avoids the problems associated with multisite labeling (iodination or biotinylation) or secondary detections (antibodies). The protein probe is a glutathione-S-transferase (GST) fusion in that the phosphorylation site of PKA is inserted between the GST and the protein part of interest. Vectors for the expression of affinity-tagged fusion proteins that contain a PKA site are commercially available (Novagen, Amersham Biosciences). The fusion protein has to be phosphorylated by PKA (9) and can then be used to decorate the filter (see Notes 7-9 and Fig. 5 ). 6. ) of the hEx1 library that were spotted in doublets in a 5 × 5 pattern (Fig. 4) . The array was decorated with a 32 P-labeled GST fusion protein of human endophilin-1 as described in Subheading 3.4. The magnified section shows the decorations in more detail.
Phosphate Incorporation into the Fusion Protein
6. Air-dry, cover with Saran wrap (see Note 10) and expose to a storage phosphor screen followed by scanning or autoradiography film. 7. Continue with protocol in Subheading 3.5.
Image Analysis and Clone Identification
The Xdigitise software is recommended for analysis of the array image (15). This software runs on UNIX or Linux computers and is available for free (16). Xdigitise can be used to score positive clones on the filter and to retrieve their microtitre plate position. As alternatives to Xdigitise, ImageJ or GIMP can be used. Both run on a Windows platform and are also available for free on the Internet. However, only x and y coordinates can be obtained with these programs. The position of the corresponding clone in the microtitre plates must be retrieved by other means. If the array was purchased from the German Resource Centre, enter the x and y coordinates of the detected doublet signal at their Web site to retrieve the corresponding clone. If the array was produced elsewhere, use Xdigitise to find the plate and well positions that correspond to a given signal. Identify clones by DNA sequencing and a Basic Local Alignment Search Tool search against the database of interest. In addition, retest important clones to confirm that the results are caused by the expected recombinant protein-via Laemmli gel fractionation, by binding studies with the recombinant protein immobilized on Western blottings, or by a solution-binding test. 
Re-arraying of Expression Clones
cDNA expession libraries usually contain many clones that do not produce a recombinant protein. Such clones are unwanted for the production of protein arrays and should, therefore, be detected and removed. In the library described here, all clones that express a hexahistidine-tagged fusion protein can be detected with the RGS-His antibody (Qiagen) according to the protocol in Subheading 3.3., whereas the unproductive clones cannot. As shown in Fig. 1, about 20% of the library clones are detected. A list of the so-detected expression clones can be compiled with Xdigitise and can then be rearrayed to produce a subcollection of the library clones and, eventually, to produce an improved protein array. Colony-picking robots and many laboratory pipetting robots are capable of clone rearraying, also called cherry picking.
Notes
1. The handling and storage of microtitre plates containing bacterial cultures requires great care to avoid well-to-well contamination and to ensure cell viability (7). 2. Microtitre plates should ideally be frozen quickly by laying them on dry ice in a single layer. However, freezing blocks of plates in a -80°C freezer is also acceptable. Microtitre plates stored in the freezer should be packaged well. The lids must not come off. Bacteria will only survive a limited number of freezing and thawing cycles. Therefore, a sufficient number of copies have to be stored frozen at any time. 3. If air bubbles get trapped underneath the filter, lift off and replace the filter from time to time. 4. The Fuji LAS-1000 video documentation system with a 470 nm top light works well for this purpose. 5. Use a plastic container with a perfectly flat bottom, such as the lid of a large agar plate dish. A minimum volume of 15 mL is required to overlay the filters with reagent solution in such a container. Use a cover to prevent evaporation. Even smaller volumes of approx 2 mL can be used by either spraying the solution onto the semidry filter with an air brush device, or by the following technique: Place the semidry filter between two sheets of plastic. Lift the upper sheet, pipet the reagent solution onto one edge of the filter, and slowly lower the sheet onto the filter starting from the same edge. 6. In the present case (see Fig. 3 ), the specificity of antigen detection was increased by reducing the concentration of the primary antibody and incubation with this antibody overnight. 7. To confirm that the identified clones were detected as a result of binding to the protein of interest, but not to the GST part of the fusion protein, one should carry out control experiments with GST fused to an unrelated protein or with GST alone. 8. To reduce background and unspecific signals, the stringency of the screen can be changed by varying incubation times during individual steps, the concentrations of salt or detergents, and the number of washing steps. Note that this filter-binding assay only detects protein-protein interactions. No information will be obtained about binding strength. So a strong signal does not necessarily mean strong binding, and likewise, a weak signal does not correspond to a weak interaction. 9. It is not uncommon to detect many protein-protein interactions on such an array. As shown in Fig. 5 , at least 250 endophilin-1 binders can be scored. This is not surprising, because the arrayed proteins are redundant and because endophilin-1 is known to bind to itself and to many other proteins. However, many of the so-detected protein-protein in-
